Aims. We want to make a large-scale study of the morphology, kinematics, and origin of the HI. which surrounds the Sco-Cen association. Methods. We combine our high-sensitivity southern HI survey with the Leiden/Dwingeloo Survey, considering I = 240°-400°, b = -60° to +60°. and radial velocities of V = -41.8 to +40.8 km s . We point out the main HI branches surrounding the association and derive their' kinematics. Kinematical Hl-maps were compared with spatial maps of interstellar (IS) Na I from the literature. Upper limits for distances d were derived from optical IS absorption components from the literature. Models of expanding spherical HI shells were fitted around each stellar subgroup.
Introduction
The Scorpius-Centaurus association is the nearest OB associ ation. It spans about 75° in I, and 40° in b. Blaauw (1964) described it as formed by three subgroups gravitationally un bounded: Upper Scorpius (US), Upper Centaurus Lupus (UCL), and Lower Centaurus Crux (LCC). The star formation was se quential, starting at UCL and/or LCC, and propagating later to US (Blaauw 1991; de Geus 1992) . The well-known star f Oph should be a run-away, probably from US (Hoogerwerf et al. 2000) . Large populations of pre-main-sequence stars (PMSs) have been detected in the three subgroups (e.g. Preibisch et al. 1998 Preibisch et al. , 2002 Mamajek et al. 2002; Slesnick et al. 2008) .
The Sco-Cen association is thought to belong to the Gould Belt (GB, e.g. Blaauw 1991; de Zeeuw et al. 1999) . This is a flat local system of stars younger than about 7 x 107 yr, tilted at nearly 18° to the Galactic plane, and at distances not greater than about 600 pc. The GB is associated with large amounts of cold HI ("feature A", see Lindblad 1967 ) and several molecular cloud complexes (Dame & Thaddeus 1985) . On V -I and Vb contour maps at the 21-cm line, the local HI appears as a narrow ridgelike structure, whose main component is the cold gas associated with the GB (e.g. Poppel 1997) . At low \b\, this cold HI was modeled as an expanding ring, which surrounds the Sun eccentrically (Lindblad et al. 1973; Olano 1982; Perrot & Grenier 2003 , in the following P&G). The likely distribution of the HI was mapped by Poppel et al. (1994) at\b\ > 10°. Weaver (1979) concluded that a large bubble of interstellar (IS) matter is enclosing the Sco-Cen association, and de Geus (1992) made a very schematic plot of three loops or shells of HI, each one associated with a stellar subgroup. He estimated the total HI mass at 4.8 x 105 Mo, the kinetic energy of the shells at 7.7 x 105" erg, and the total energy output of the associ ation since its origin at nearly 16 x 105" erg, which appeared as sufficient to form the shells. Egger & Aschenbach (1995) pointed out a prominent X-ray shadow from a dense, ringlike A&A512, A83 (2010) HI feature. They interpreted it as a wall of HI, which resulted from a collision between a Loop I superbubble around the ScoCen association and the hot Local Bubble. The wall of HI would be located between both bubbles at about 100 pc from the Sun. Egger (1998) suggested a "local interstellar foam", which could be associated with the GB. However, Egger & Aschenbach's scenario makes no consideration of the kinematics of the HI. Furthermore, their ringlike feature has been questioned (Reis & Corradi 2008 ). On the other hand, from a detailed study involv ing about 3900 OB stars Fernandez (2005; concluded that the Sco-Cen association could have formed in the Sgr-Car arm and not in the GB. Very recently, Ortega et al. (2009) have investigated the role played by the LCC, and UCL subgroups in the formation of several young nearby stellar associations mainly composed of PMSs.
Thus, it is not obvious that the HI surrounding the Sco-Cen association originated in the expanding ring associated with the GB. Actually, neither de Geus (1992) nor Ortega et al. (2009) evaluated this possibility, whereas Heiles (1998) expressed his doubts, even about the existence of the expanding ring. In con trast, Poppel & Marronetti (2000, from here on P&M) conclude that a significant disturbance of the Hi-ring is expected in this region due to the star formation processes in the association. Therefore, our aims are the following: i) to make a new detailed large-scale study of the spatial distribution and kinematics of the main HI branches and features surrounding the Sco-Cen associ ation, ii) to check any relation of them with the Sco-Cen associ ation, and with the GB, if any, iii) to check the presence of the shells in more detail, and iv) to check an adequate scenario. We use a new very homogeneous and sensitive 21-cm line data base, combined with the results of optical observations taken from the literature.
The paper is organized as follows. In Sect. 2 we make a short description of the new 21 -cm line data base. In Sect. 3.1 we point out the main HI branches, as well as the smaller features, which are around the Sco-Cen association, by means of sky maps at different ranges of the radial velocity V. We also compare them with an IRAS map at 100 jum. In Sect. 3.2 we focus on the kine matics of the HI by considering V -b contour maps at fixed I. In Sect. 4.1 we derive the distance ranges of some of the HI fea tures by comparisons with maps of the spatial distribution of the IS Nal derived by Vergely et al. (2001) and Lallement et al. (2003) . In Sect. 4.2 we derive upper limits for the distances by means of IS lines from optical data taken from the literature. In Sect. 5 we focus on the HI shells described schematically by de Geus. We make new fits and analyze their kinematical char acteristics. In Sects. 6.1-4 we discuss the results considering the distances, the formation of a bubble, its physical characteristics, and a scenario. In Sect. 7 we summarize our conclusions.
HI observations: High-sensitivity all-sky survey
In this paper we are using our new high-sensitivity south ern 21-cm line survey (see Arnal et al. 2000) , com bined with the Leiden/Dwingeloo Survey of Galactic Neutral Hydrogen (Hartmann & Burton 1997) . The resulting grid has a spacing (AZ, AZ?) = (0.50°, 0.50°). The velocity range is -450 kms"1 to +400 kms-1, spaced at 1.03 kms-1. The an gular and velocity resolutions are about 30' and 1.3 kms-1, re spectively. The mean rms noise is 0.07 K. The accuracy of the brightness temperature scale is estimated at 5%. Neither discon tinuities nor incoherencies appear to exist between the north ern and the southern data sets (see Bajaja et al. 2000; Kalberla et al. 2004) . No correction for stray radiation was applied to the southern HI data used in this paper since we deal only with the relatively intense features of large angular scales.
We derived HI maps, which show the distribution of the brightness temperature Tb as a function of I, b, and the radial velocity V, which refers to channel centers. We focus on the re gion I = 240°-400°, b = -60° to +60° at | V | <40 kms'1. For computational reasons, we write the values of I between 0° and 40° as between 360° and 400°. Unless stated otherwise, the velocities refer to the LSR, which is defined by a solar velocity Vo = 20 kms-1 toward l0 = 56.2°, b0 = +22.8°.
The HI surrounding the Sco-Cen association

l-b maps: conspicuous elongatedHI features
As a first insight into the HI surrounding the Sco-Cen as sociation in Figs. 1-4 we show four rectangular I -b maps covering the range of radial velocities V between -41.2 and +40.2 km s_1 in adjacent intervals. The most intense HI fea tures appear at the low velocities in Figs. 2 and 3, whereas at the intermediate velocities (IVs) in Figs. 1 and 4, the features are less intense. We quote that the positive velocities (Figs. 3, 4) denote peculiar motions for nearby objects in the Galactic quad rant (GQ) IV. In Fig. 3 the US subgroup is enclosed by the wellknown US-loop, whereas the UCL and LCC subgroups lie in a region of low column densities ZVri, which is adjacent to a large hole contained approximately within the area l,b ~ 280° -330°, + 15° to +40°. Notice the large dense triangular clump toward the molecular Aql Rift in the GQI (see Table 4 in Sect. 6.2).
To perform a study and to derive physical parameters, in each figure we selected those features, which appeared the most con spicuous, identifying them by capital letters and drawing heavy lines schematically. We are conscious that our selection and drawings can be considered as non unique, especially regard ing the less intense features, some of which should be consid ered merely as samples of HI enhancements. In spite of this, no tice that the large arclike branches or filaments Ai-A2, Bi-B2, C, and LCC in Fig. 2 , and the US-loop in Fig. 3 are qualita tively similar to the positions of the shells drawn schematically by de Geus (1992) in his Fig. lb without kinematical references. Only the southern filamentary features Do, Di, and D2 show sig nificant differences with de Geus' most southern shell. We come back to the meaning of these features in Sect. 6.2. Moreover, in Fig. 4 the IV branches Mi-M2 correspond to HI, which was studied by Fejes (1971) . Figure 5 shows the superposition of a low-resolution IRAS map at 100 pm and an HI map integrated over V = -19.6 to +19.6 kms-1. After excluding the dense regions near to the Galactic plane at \b\ < 10°, both maps show a close global similarity. Most of the intense features pointed out in Figs. 1-4 are apparent in the IRAS map, including the large hole. Toward the US-subgroup the relative intensity of the emission is much higher in the 100-^m map than in the 21-cm map. This suggests a higher temperature of the dust in this region, because of the bright radiation field of the young stars and the presence of sev eral well-known HII regions (see Sect. 5, ii) . The close global correlation between the HI and the 100-^m maps is consistent with the absence of very large molecular cloud complexes re lated to the Sco-Cen association (see Table 4 ). It also implies that gas and dust are well mixed. Table 1 summarizes the main parameters of each sub group of the association. They will be of interest for us in the next sections. The meaning of the columns is the follow ing: 1-4) the name, the range in I, b, and the mean distance 2. 4. 6. 8. 14. 20. 30. and 45) . The selected branches are indicated schematically. The crosses indicate the stars of spectral types OB2.5 of the Sco-Cen association (de Bruijne 1999), including £ Oph. The diamonds indicate the plane of the GB (Stothers & Frogel 1974) . See the text for more details. (de Zeeuw et al. 1999 ); 5) the characteristic depth along the line of sight (de Bruijne 1999); 6), 7) and 8) the averages of the ra dial velocity and of the components of the tangential velocity in the directions of I and b, respectively. They were reduced to the LSR using the mean values of the coordinates, distances, and proper motions (de Zeeuw et al. 1999 ); 9) the nuclear age (de Geus 1992); 10), and 11), the numbers of stars of spectral type B and earlier than B2.5, respectively (de Bruijne 1999); 12), 13), and 14) the numbers of exploded supernovae (SN) ac cording to Blaauw (1991); de Geus (1992) ; and Maiz-Apellaniz (2001), respectively; 15) the total stellar masses (de Geus 1992).
V-b contour maps: The HI ridge at low velocities and the kinematics of the HI features
To obtain a global insight into the kinematics of the HI fea tures, we sampled the data by means of 65 /-slices in the region I = 240°-400°, spaced at intervals of 2.5°. In all these kinemati cal V -b contour maps, the most prominent feature is the intense clumpy HI ridge centered at low velocities Vr, whose main com ponent is the cold gas associated with the GB (see Sect. 1).
All the features pointed out in Figs. 1 -4 can be tracked more precisely in the 65 V-b maps. For a given feature, its radial peak velocity Vp was derived in each V -b map, where the feature could be detected. The results were plotted in Fig. 6 . The plots were grouped according to the kinematical characteristics of the features namely, some features of Vp < 0, and other ones of Vp > 0 in panels I and II, respectively; those of IVs and branch E in panel III, and some selected features in panel IV. Two or more values of Vp for one / correspond to double or multiple clumps. The mean uncertainties of Vp are estimated at about 1 km s_1, but for weak or blended features the uncertainties might be consid erably larger. The plots will be considered in the next sections.
The thermal conditions of the main component of the HI ridge were verified by sampling its full velocity widths at half intensity AV. Considering contours of Th > 12 K, we se lected simple peaks at | b | > 15° for avoiding the blending by the Galactic background. The measured widths AVC are upper limits for AV, since no correction for background radiation was made. Assuming a Gaussian velocity distribution, the upper limits for the radial-velocity dispersions are crVm -AVC /2.35.
Two cases were considered according to the positions se lected on the ridge, namely, i) on any one of the features pointed out in Figs. 2, 3, and ii) on no particular positions. In both cases the results were similar. No significant differences were obtained between positive and negative b. The average for 96 positions was = 4.3 ±1.4 kms"1. This value is characteristic of the cold neutral medium (CNM). A new check was made at 118 positions at \b\ > 15° using a sample of V -/ contours. The results did not change significantly, so the main component of the HI ridge and of the selected features around the Sco-Cen association in Figs. 2, 3 is actually turbulent cold HI.
Furthermore, a remarkable characteristic of the HI ridge that is apparent in the /-slices is a systematic mean-velocity gradi ent AVr/AZ? < 0 between both its ¿»-extremes. It mainly comes from a striking velocity-shift AVr < 0 of a few kms-1 occurring within a latitude interval AZ? > 0, having a width of 10°-25°. In regard to this, for each I we selected a pair of rather nearby latitudes Z?i and ¿>2 > Z?i, for which the velocity-shift = Vfi(Z?2) -Vr(¿»1) < 0 was plain to see. Near to the Galactic plane, the intervals AZ? = Z?2 -Z?i were chosen somewhat in ex cess for avoiding the blending effects by the background. These are most severe at Z < 270°, where the main emission from the background is at V > 0. On the celestial sphere, the locus of the selected widths AZ? defines a stripe of velocity shifts, which crosses the Sco-Cen association, as shown in Fig. 7 . Figure 8 is a plot of both Vfi(Z?i) and Vr(Z?2) as functions of Z. The mean uncertainties are nearly 1 kms-1. For the sake of comparison we plotted the mean radial velocities of the stel lar subgroups, as well as the velocities of the GB's ring of gas according to P&G's (2003) fit and to Olano's model 1. As can be seen, within the range Z ~ 270°-400° P&G's fit is consistent with the southern values V)?(Z?i), which are positive. Olano's fit is less consistent. At Z < 270° V«(Z?i) is in large excess of P&G's fit. This should be understood in terms of the blending effects by the background gas from the region of the Gum nebula, whose velocities reach up to +10 km s-1 ( see Reynoso & Dubner 1997) . In contrast, the northern values Vy?(¿»2), which are predominantly negative, are systematically below the fits,suggesting a distur bance of the expanding ring of the GB gas. The stellar mean ra dial velocities are systematically above the HI velocities. From 53 maps over the range Z = 270°-400°, we computed averages A14 = -6.6 ±2.4 kms-1, and AZ? = 16.1 ± 1.2°.
A further velocity shift of the ridge is associated with branch C, whose velocities are negative (see Fig. 6 ,1). In con trast, at nearby latitudes north of branch C, the velocity Vr of the ridge is positive and approximately consistent with P&G's fit within 2 kms-1 (see Fig. 6 , II). Moreover, at the south of branch C, where the branches Di,2 are located (i.e. at Z = 270°-350°), Vr is also positive but more irregular and only roughly consistent with P&G's fit (see Fig. 6 , IV).
Spatial characteristics of the HI features
Comparison with the distribution of the IS Na I
A good tracer of the IS cold HI is the IS Na I. Figure 9 shows the mean distances d of the IS Na I fitted by Lallement et al. to the isoequivalent absorption widths of 50 mA (correspond ing to ZVhi > 102" cm-2) from 426 stars selected near to the Galactic plane ( see their Fig. 4 ). For the sake of comparison, we show the mean distances of the stellar subgroups, the molecu lar dark cloud complexes (mdccs) related to the GB (see Table 4 in Sect. 6), and GB's ring of gas according to both Perrot & Grenier's fit and Olano's model 2.
As can be seen, near to the Galactic plane d ranges between ~70-225 pc. Both the stellar subgroups, and the mdccs have similar mean distances as the IS Na I along Z ~ 300°-360°. P&G's fit for the GB gas is consistent with these mean dis tances in the range Z ~ 315°-360°, with d ~ 150 pc. In Sembach et al. (2003) , and the open square indicates the small X-ray emitting compact aggregate of PMSs discovered by Mamajek et al. (2000) near to Cha (see Sect. 6.2) . See the text for more details.
contrast, P&G's fit is above d systematically by about 10-50 pc at I ~ 260°-315°, and by more than 100 pc at I > 315°. Olano's modeled distances appear to be less consistent with the results. Figure 7 shows that near to the Galactic plane the GB gas, which has shifted velocities Vr < 0, is present for I < 315°. Negative velocities let us expect a shortening of the original dis tances of the GB-gas. Actually, the shortenings of the distances suggested by Fig. 9 are consistent with the observed velocity shifts (Figs. 7 and 8) and the ages of the stellar subgroups listed in Table 1 . Following the suggestion made in Sect. 3.2 we as sume that the velocity shifts shown by the HI ridge are distur bances produced on GB's expanding ring of HI by the most luminous OB stars of the association. Consequently, in Fig. 8 Vn(b]_) corresponds to the largely undisturbed substratum south of the stripe of velocity shifts indicated in Fig. 7 , whereas Vn(bf) corresponds to the disturbed one north of the stripe. The large hole at V > 0 mentioned in Sect. 3 lies north of the stripe.
Our assumption is also consistent with the results of Corradi et al. (2004) , who observed IS absorption lines of Na I in stellar spectra in the region 294° < I < 308°, -22° < b < +5°. They detected two extended components namely, an intense one along b -18° to +1°, at d -120-150 pc with V decreasing from +3 to -3 kms-1, and a faint one at d < 60 pc, with a mean velocity V = -7 kms-1. The characteristics of the intense component (logNal ~ 12.3-13.2 cm"2) are consistent with those shown by the HI ridge. The faint component, whose column densities are below the densities considered in Fig. 9 (logNal ~ 11.2 cm-2, corresponding to Mt ~ 3 x 1019 cm-2), is consistent with an approaching LCC-shell (see Sect. 5). Thus, from Figs. 7-9, and our assumption we conclude that at present the entire Sco-Cen association is crossing the gas of the expanding ring of the GB.
In order to obtain some information about the spatial distri bution of the HI features pointed out in Sect. 3.1, we made a direct comparison of our kinematical maps of HI with the spa tial maps of the local IS Nal, as derived by Vergely et al. (2001, their Fig. 5) , and Lallement et al. (2003, their Figs. 7 and 8 , with more complete data). The maps of Nal are spaced at A/ = 15° at the same values of I as our V -b maps. Vergely et al. concluded that the modeled features of Nal describe mainly the gas related to the GB. We restricted to |b |< 60°.
In each set of Nal maps we selected all the modeled dense Na I clumps at each I, reading off the ranges of Galactic latitudes A£>Na subtended by their sharp borders. Moreover, in the V -b maps at each I we read off all the identified enhancements em bedded in the HI ridge having Tb > 12 K as presumable spatial counterparts of the dense Na-I clumps selected at the same I and similar ¿»-ranges. Notice that the HI features refer to /-slices having a thickness of 0.5°, whereas the modeled Nal maps pre sumably present a larger angular smearing. Furthermore, there are blending effects. Therefore, the assignation of counterparts is not always unambiguous, and some spatial identifications were not possible or might be doubtful. No Na I counterparts could be found for the faint IV features.
The results are shown in Table 2 . The HI features pointed out in Figs. 1-4, are listed in two groups, according to the sign predominating in their velocities Vp in Fig. 6 . Branch E, which has Vp of both signs, was added at the end. The meaning of the columns is the following: 1) the designation; 2) the mean an gular transverse half-width A6», computed from at least three in dependent estimates on V -b or V -I contours; 3) the mean peak brightness temperature and its dispersion derived from the V -b contours with rough background corrections; 4) and 5), the number k of identifications of an HI feature as a counterpart of a Na I clump, and the averages of the distance-ranges ¿n covered by the Na I clumps on the line of sight, as derived from the results of Vergely et al. (2001) and Lallement et al. (2003) , respectively. Doubtful values and averages with dispersions greater than 40% are indicated by a The further columns of Table 2 are con sidered in the next section.
A comparison of the distance ranges in Cols. 4 and 5 shows differences greater than 50 pc only for branches B2, C,Di, andE. The averages of the thicknesses derived from Cols. 4 and 5 are 54 ± 8 pc and 85 ± 19 pc, respectively, excluding the values marked with a "?", as well as the Aql Rift-H I. The latter has very large thicknesses, suggesting a blending of several HI clouds along the line of sight. The derived averages are of the same order as the expected radial thickness of the GB-ring, which is Arfe ~ err ~ 65 pc, where a ~ 2.5 kms"1 is the typical veloc ity dispersion of feature A (Lindblad 1967) , and r ~ 26 Myr its age (P&G). The averages are also similar to the characteris tic depths H of the stellar subgroups ( see Table 1 ), as well as to their largest initial linear dimensions estimated at nearly 50 pc by Blaauw (1991) .
Upper limits for the distances from optical IS lines
We derived upper limits dmax for the distances d of several of the features in Table 2 from a data base of optical IS lines selected from the literature. The lines are mainly from Na I, KI, Call, and Till observed in absorption at high resolution in the optical spectra of nearly 330 stars located at distances d < 500 pc. When available, we adopted the parallaxes measured by the satellite Hipparcos. The typical errors of the stellar distances are esti mated to lie between ~7% for d = 50-100 pc and ~15 % for d = 200-250 pc, with large dispersions. For avoiding lack of sensitivity in the observations we considered only stars having at least one positive detection that is not too weak.
For a given HI feature, we selected all the data available along its lines of sight. Results derived by different authors were included independently. For the detected IS components, we considered the radial velocities V as a function of d, with the resolution as an error bar of V.
The data used for features of Table 2 , as defined by Figs. 1-4, are listed in the Appendix in Table A .l, panels 1-13 (plotted in Fig. A .l) and panels 16, 17 (with no plot). An upper limit was derived from at least two optical detections within the corresponding range of Vp in Fig. 6 , adopting the second nearest distance as dmax. In some cases an additional IS component was detected at V ~ 0 to +5 kms-1, and identified as the undisturbed feature A. For the LCC-clump, which has no Vp-value available due to blending effects, we considered several optical compo nents of V < 0, which were detected toward the clumps. For the faint branch N, the results are somewhat contradictory, some nearby stars presenting IS components of the right velocities, and other ones not.
The results are shown in Table 2 , Cols. 6-8, with the follow ing meanings: 6) the upper limits derived for the distances d of the near faces of the features having data available (For the un detected Mi-M2 we derived a lower lirnitf, 7) the upper limits derived for the near face of feature A with its velocity defined by P&G's fit (e.g. In this section we analyze which of the HI features listed in Table 2 iii) the average radial velocity Vs of the substratum, ( we adopted the velocity of the originally undisturbed GB gas at O; see Sect. 3.2); iv) the present expansion velocity Vo, number ing the fits by n. The fitted parameters are shown in Table 3 , Cols. 1-6. Table 1 ). The small blue stars and green crosses correspond to P&G's fits and to Olano's model 2. respec tively. See the text for more details.
The distances r0 of the expansion centers were set equal to the distances of the corresponding stellar subgroups (see Table 1 ). The radius of the shell is R = r0 x sin 0. The largest Galactic longitude Fig-9 . Distances fitted by Lallement et al. (2003) . to the absorption con tours of 50 mA iso equivalent widths of the £>2-line along the Galactic plane (blue triangles down); mean distances of the stellar groups (red * . Table 1 ); mean distances of the molecular dark cloud complexes pre sumably associated with the GB (magenta squares. approaching and receding radial velocities are expected in the direction of the center of the shell at the minimum and max imum distances to the observer, i.e. at ¿/min -ro -R and ¿/max -r0 + R, respectively. An observational upper limit ì/qbs was derived for ¿/min from optical IS lines, as explained be low. The age was estimated very roughly as rs R/Vo, since the average expansion velocity is unknown. For the young USloop, we used another procedure. Unlike de Geus (1992) we as sumed that the US-loop is due to an SN (see Table 1 ), which occurred within the older US-shell (see Table 3 , and Figs. 3 and 4). Since R « r0 we adopt CN&P's snowplow model with V(i).7?J(i) = Constant, j = 3 (isotropy). The corresponding age is r -R(r)/(J + I).V(t) l/4(7?/V0) ~ 0.8-1.0 Myr, which is consistent with de Geus' estimate of 1 -1.5 Myr. The parameters mentioned above are shown in Table 3 , Cols. 7-12. In Figs. 10-15 we show the fits made for each shell on the central V -b and V -1 contour maps. The HI features of Table 2 are indicated by arrows, including a nearby cloud discovered by Sancisi & van Woerden (1970, from here on SvW, see CN&P). For the sake of comparison, we plotted the fits of the velocities of the expanding ring according to both P&G and Olano, as well as the velocities of the nearby parts of the local arm or other local feature (OLF, see Sandqvist et al. 1976 ). The HI features fitted by the shells are listed in Table 3 , Col. 13; additional non fitted but probable shell-components are signed with "?".
As can be seen, in each one of Figs. 10-15 the HI ridge shows two different regions, namely, one where its mean veloc ity Vr is fitted approximately by P&G's model, and the other one where Vr is shifted by AVfi -7 to -10 kms"1. The approach ing hemispheres of the shells were fitted to the intense clumpy shifted ridge. In contrast, the receding hemispheres correspond to rather tenuous broad wings. In several cases, there are weak IV features, which suggest over-accelerated gas clumps from the shells. For the three shells there is also optical evidence of both approaching and receding caps, as we mention in the following.
i) For the UCL-shell we considered IS lines within the area I = 309°-340°, b = 0° to +26° occupied by the UCL A&A512, A83 (2010) Table 3 ). At b = 0°. from left to right we also indicate the OLF (Sandqvist et al. 1976 , white diamond). Olano's model 1 (white box) and P&G's fit (white ellipse). The crosses correspond to P&M's test points (see Sect. 7). See the text for the details. 3.5, 7. 10.5, 14. 17.5, 21. 28. and 35) K. The selected HI features are indicated by arrows. The dotted curves indicate the fits of the UCLshell (see Table 3 ). We also indicate the OLF (Sandqvist et al. 1976 , red crosses), as well as P&G's fit. and Olano's model 1 (boxes and ellipses, respectively). Both the latter are all near to V ~ 0. overlapping in some cases. See the text for the details.
subgroup (Table A .l, and Fig. A.l, panel 14) . At V < 0 the plot shows a group of warm and cold gas components at ¿max < 76 pc, having a mean velocity V-= -12.4 ±6.1 kms-1. They are consistent with an approaching cap of the UCL shell. At V > 0, the plot only shows cold components. One of them at V = ±15.4 kms-1 is consistent with a receding cap since it was detected toward a star at d = 198 pc (see . The remaining components are located at ¿max = 128 pc with a mean velocity V+ = ±6.0 ± 1.4 kms"1. They should correspond to remnants of the substratum. Actually, the momentum injected into the shell is not con served since the input occurs pushwise, as is suggested by the number of SN explosions expected in the stellar subgroups (see Table 1 ). This is also consistent with the presence of IV branches like C', C", J, and K, which should have a more recent origin', otherwise, they would have already overpassed the Sun during the age of the UCL subgroup. In addition, there should be sig nificant inhomogeneities of the substratum. All this suggests the Table 3 ). We also indicate the OLF (Sandqvist et al. 1976 , red crosses), as well as the P&G fit. and Olano's model 1 (boxes and ellipses, respectively). Both of these are near to V ~ 0. overlapping in some cases. See the text for the details.
possibility of finding receding IS gas overshot into the GQII at V > 0. Such velocities are forbidden for objects in Galactic ro tation. Table A .l, panel 18 shows a list of stars located in the GQII at distances d < 67 pc with intense IS lines of Call or Mg II in the range V = +7.4 to +18.7 kms-1 selected from the tables compiled by , see for the details). If this IS warm gas originated at the UCL subgroup, its travel time into the GQ II should be shorter than the age of the sub group. This should be expected for several of the clouds in view of their parameters d and V listed in Table A .l, as well as those of the UCL-subgroup in Table 1 .
ii) For the US-shell we considered IS lines from the region l,b ~ 343°-354°, +16° to +33°. The plot shows many cold and warm IS components in the range V ~ -21 to +11 kms-1, at dmax ~ 130 pc (Table A.l, and Fig. A.l, panel 15) . The compo nents at V < 0 suggest an approaching cap, with a mean velocity V-= -6.9 ± 5.0 kms-1. The cap should include the portion of branch B" toward higher I, as well as the SvW cloud. For the latter we derived an updated upper boundary dmax = 130 pc for its distance (see Table A .l, panel 19) .
The components at V > 0 and dmax ~ 130 pc should cor respond to feature A (V ~ 0 to +5 kms-1, see Sect. 4.2), as well as to warm and cold gas accelerated by the extended HII regions SI, S7 and RCW129. These are all nearly enclosed by the US-shell with their exciting stars located at d ~ 120-145 pc (e.g. CN&P). In addition, there is one cold component at V ~ + 18 kms-1, as well as three warm ones at V ~ +22, +30, and +43 kms-1, respectively. They were all detected toward stars lo cated at d > 200 pc, and should belong to the receding caps of either the US-shell or the UCL-shell. The broad wings, which are apparent in Fig. 13 , could stem from these caps.
The assumption that the US-shell and the US-loop are two different expanding shells is consistent with CN&P's Gaussian analysis of the cold HI in the vicinity of the US-subgroup. They found two main components, namely, G ( V ~ -0.5 to +2.5 kms-1) and P (V ~ +3.5 to +8 kms-1, see their Figs. 5 Table 3 ). At b = 0°. from left to right we also indicate: the OLF (Sandqvist et al. 1976 , white diamond). Olano's model 1 (white box), and P&G's fit (white ellipse). The crosses correspond to P&M's test points (see Sect. 7). See the text for the details. and 6). Component G, which was identified with feature A, has prominent clumps toward the interior of the US-loop. But an in tense arclike region of G at I > 365° was assigned to the edge of a shell. It should correspond to our fitted US-shell. Component P, which was identified as an expanding shell, corresponds to the US-loop, to which it is adjacent at I > 350°. Actually, the dis tributions of both P and G have extensive gaps, which overlap partially at b > +14° with the filamentary Oph mdcc observed by de Geus et al. (1990) in CO (see their Figs. 3 and 4) . This suggests that the Oph mdcc was swept up from the original sub stratum, first, partially by the US-shell and later its remaining bulk by the US-loop. The distances and the CO-velocities are consistent with this conclusion.
iii) For the LCC-shell, the right candidates for the approach ing cap are the LCC-branch with the clump (see Fig. 2 ). Another right cap-candidate is the faint sheetlike IS structure detected by Corradi et al. (2004) southward of the LCC-branch at d < 60 pc, with V = -7 kms-1, as mentioned in Sect. 4.1. In contrast, the Cha arc, which should correspond to the Mizuno et al. (2001) "filament A", appears to belong mainly to the original substra tum (see Figs. 6, II, and 14) . Moreover, the sequence of clumps in Fig. 15 correspond to the OLF and produces some blending with the GB gas at I ~ 270°-280°. Table 3 ). At b = 0°, from left to right we also indicate: the OLF (Sandqvist et al. 1976 , white diamond), Olano's model 1 (white box), and P&G's fit (white ellipse). The crosses correspond to P&M's test points (see Sect. 7). See the text for the details. Table 3 ). We also indicate the OLF (Sandqvist et al. 1976 , red crosses), as well as P&G's fit, and Olano's model 1 (boxes and ellipses, respec tively). Both of them are near to V ~ 0, overlapping in some cases. See the text for the details.
Discussion of the results
Distances
The results obtained in Cols. (4)- (6) of Table 2 show that most of the HI features of low velocity listed there are closeby. This conclusion was reinforced by the shell fits made in Sect. 5. To estimate the distances of the HI features, we divided them into 4 groups. In group 1 are the features having measured dis tances d available, namely, i) Ai-A2, which comprise the HII region of aVir (/, b ~ 316°, +51°), suggesting d ~ 80 pc ±7%; ii) Do, which should comprise the molecular cloud MBM45 (I = 369.0°, b = -28.0, Lsr = +6.7 kms-1, Magnani et al. 1996) at a distance d = 160 ± 15 pc (Franco 1989) ; iii) the USloop, if we accept that it comprises the cloud Lupus 1, which has Vco = 0.17 to 6.6 kms-1, and is located at d = 140 pc, whereas the radial thickness in the region is ~40 pc (Rizzo et al. 1998) ; and iv) C, for which Morras (1980 Morras ( , 1981 For adopting the most reliable distances d and thicknesses Ad along the line of sight of the features in groups 1-3, we con sidered either measured values, if available, or otherwise an eval uation of Cols. 4-6. The errors of d are estimated as 10-20% for group 1, 20%-30% for group 2, and 30-50%, or even larger for group 3. Moreover, there is group 4, which contains the features of IV. Their distances are very uncertain. For features C' and C" Morras (1980 Morras ( , 1981 determined a minimum distance d > 200 pc from polarization measurements. He showed a strik ing anticorrelation between these features and the gas of the ex panding ring associated with the GB. This suggests that these branches stem from Lindblad's feature A. This should also be the case for branches Mi,2 as suggested by their considerable angular extension (Figs. 3 and 4) . Their high receding velocities (Figs. 10 and 14, as well as Fig. 6 , panel III) could have moved them at several hundreds of parsecs from the Sun during the life time of both the older shells.
The results are shown in Cols. 9-14 of Table 2 with the following parameters'. 9) the adopted distances d for the near faces with the assigned group as a superscript, and 10) the ra dial thicknesses Ad (values with uncertainties over 50% are marked with "?''); 11) the mean thickness across the line of sight Ai = Afl x d; 12) the mean column density Ahi, derived from Tp assuming low optical depths, and a Gaussian distribu tion with av = 4 kms-1 (see Sect. 3.2); 13) the mean spatial density «hi = Vn/Ad; 14) the HI mass <5Mhi of the feature ob tained by numerical integration in Figs Hartmann et al. 1998; Magnani et al. 1996 Magnani et al. , 2000 . The projections of the spherical shells fitted to each stellar subgroup are indicated by points, as well as the line fitted to the stripe of velocity shifts in Fig. 7 . See the text for more details. mean latitude, S the area of the feature estimated in pixels of 0.25 sq. degr, and (d + 0.5Ad)_the middle distance of the fea ture. Given the uncertainties in Ad, we used the average value of Col. 10, i.e. (Ad) = 65 ± 13 pc (without considering val ues with "?") for all the features. The mean uncertainty of the HI masses is estimated at about 20% for the integration errors plus the errors of the squared middle distances.
The average of Col. 11 is_(Ai) = 11_± 5 pc without consider ing values with "?" or ">". (Ad) and (Ai) differ by a factor 6. If we assume that the values of (Ad) do not depend on the a priori densities assumed in the Na I models, the factor 6 suggests that most of the HI features have radially elongated structures, as should be expected for shelllike features. The range of the mean spatial densities is ~ 1 -5 HI at. cm-3. Figure 16 is a rectangular I -b map showing the distribution of the HI within the velocity interval -1 to +3 kms-1, which is characteristic of the GB gas in the region considered here (e.g. P&G). We superposed the straight line fitted to the stripe of velocity shifts in Fig. 7 , as well as the projections of the spher ical shells fitted to each stellar subgroup of the Sco-Cen associ ation. If we exclude the region | b |< 10°, which is blended by the intense Galactic background, we expect that the map should mostly show the distribution of the GB gas, as well as contribu tions from the edges of shells moving perpendicular to the line of sight. As can be seen, to the north of the stripe of velocity shifts, the GB gas is very tenuous, aside from the dense edge of the young US-shell, indicating that the gas originally there was swept up by both the oldest stellar subgroups. In contrast, to the south of the stripe there are large amounts of undisturbed GB gas. Figure 16 and the parameters of Table 3 show that the dif ferent shells overlap, suggesting merging interactions between them. An example is the formation of the US subgroup triggered by the passage of the UCL-shell (e.g. Preibisch et al. 2002) . In our models the distance between both centers is Ar -60 pc. For an age difference of 10 Myr between both subgroups, the mean expansion velocity should be Vo ~ 6 km s-1. The new expanding shell produced by the US subgroup, merged into the UCL-shell. The SvW cloud and part of branch B" should both stem from this process, whereas the outer branch Ai, whose curvature is similar to that of the US-loop, should be reaccelerated gas (see Figs. 2, 3) . Combi et al. (1995) point out a spurlike nonthermal feature with a size of about 20° x 15°, which they interpret as an interaction between a shock front and a cloudy IS medium (ISM). The feature lies between branches B" and Bi and is con sistent with our scenario.
Formation of a large expanding bubble
The main merging interactions should have occurred be tween both the oldest shells. Figure 2 and the results of Table 3 make apparent that the branches A2, B2, B', and C, which were considered as signatures of the UCL-shell, have extensions and curvatures also suggesting a possible relation to the LCC sub group, presumably through an interaction between both shells. Assuming an age difference of 3 Myr between the UCL and LCC subgroups, about 3 Myr for each shell to start, Ar ~ 45 pc, and Vo ~ 10 kms-1 for each shell (see Table 3 ), we should expect that a collision started between both shells about 7-8 Myr ago, heating, ionizing, and expanding the gas involved. The entire process produced the large hole seen in Fig. 3 , and the merging of both shells into one large expanding bubble fed by forthcom ing SN explosions (see Table 1 ), stellar winds, and expanding HII regions.
Because of the initial inhomogeneities of the substratum, as well as to the discontinuities and anisotropies introduced by the processes, which inflated the bubble, the latter has an irregular shape, which should differ somewhat from the fitted spherical shells. The boundary of the bubble is not necessarily smooth ev erywhere. Its northern edge or "top" should be at high b, where the gas density is low. At the edges of the bubble, its radial veloc ity appears similar to that of the substratum. Actually, as men tioned at the end of Sect. 3.2, the dense branches £>i.2, which are located northwards of the southern edges of both the fitted UCLand LCC-shells (see Figs. 10 and 14) , are roughly consistent with P&G's curve, therefore the branches Di,2 should conform the southern edge or "bottom" of the bubble at I ~ 270°-350°. Notice the several molecular clouds of high latitude northwards of branch Di,2 (see Fig. 16 ). At I > 350° the southern edge A&A512, A83 (2010) should be formed by branch Do, which is roughly fitted by P&G's curve within 2 km s_1, aside from a few higher values due to intrinsic density inhomogeneities at the edges (see Fig. 6, IV) .
In contrast, at I < 110° the larger velocities of branch D3 are consistent with the receding face of a shell south of the Gum nebula (see Reynoso & Dubner 1997) . The small branch Ct cor responds to the approaching face (see Figs. 2 and 6, I ). Thus, neither D3 nor Ct should belong to the Sco-Cen association. Moreover, the small branch Dt, which shows no interaction with D2, points toward a small X-ray emitting compact cluster of PMSs of about 8 Myr near q Cha at l,b ~ 292.4°, -21.7°, and a distance of about 97 pc (Mamajek et al. 2000) . The cluster was related to the passage of the bubble of the Sco-Cen associa tion. On the other hand, the HI of V > 0 located northwards of branch C should be more distant undisturbed GB gas.
The similarities of the positions of the centers, of the radii and of the distances of both our fitted UCL-shell and the Loop I of the radio continuum (e.g. Berkhuijsen et al. 1971) suggest that the boundaries of the resultant bubble toward higher and lower I should include the branches Lj, Li, L2, and L'? (see Figs. 1-3 ). The first one at V > 0 (Fig. 6, II) , should belong to feature A. Li and L2, which were associated with the Loop I (e.g. Berkhuijsen et al. 1971; Heiles & Jenkins 1976 and the references therein), have V < 0, which is forbidden for nearby objects on differential Galactic rotation in the GQs I and III (see Fig. 6, IV) . Actually, the Loop I should be the result of a later SN explosion in the UCL-subgroup. The resulting SNR expanded within the ionized interior of the bubble, meeting and ablating material from the dense Aql molecular complex (Frisch 1998) . Thus, the interior of the shell heated to emit the intense X-radiation of the NPS, which produces the shadow of the HI feature pointed out by Egger & Aschenbach (1995) . We computed the HI masses of L', Li, L2, and L' as ~1500,600,1300, and 7 Mo, respectively, assuming a common middle distance d = 130 pc.
Somewhat puzzling are the isolated intense branches E, E', as well as the receding features of IVs D'" and Pi,2 (Fig. 6, III) . By its location and characteristics E, E', and D< should be dis turbed gas of the GB ring. Branch E correlates with a hot spot in the polarization of the radiocontinuum (Cleary et al. 1979 ). In fact, there are two large elongated spots of polarization observed by Wolleben (2007, his Fig. 1 ) at 1.4 GHz namely, a fringe ex tending approximately from l,b ~ 330°, -37° to 370°, -15°, about 10° wide, and an adjacent nearly circular spot centered at 355°, -33° with a diameter of 15°. which corresponds to an SNR (Testori et al. 2008) . On the other hand, the gas of branches A++, and A+ appears to consist of both undisturbed gas from the ring, and gas already accelerated by the stars of the association (see Fig. 6 , II and IV).
In addition, Fig. 16 shows Dame et al.'s (2001) CO-contours. In the region we are considering there are five massive mdccs presumably related to the GB. Their main parameters are sum marized in Table 4 . The meaning of the columns is the following: 1) the name; 2) the extension in I, £>; 3) the interval of radial ve locities for the bulk of the cloud; 4) the mean distance; 5) the molecular mass.
The mdccs in Oph, Lup, and Cha-Mus are located south of the stripe of velocity shifts, where there are large amounts of undisturbed HI. Because the values of «n in Table 2 are too low for producing new mdccs, we conclude that the three md ccs should be remnants from the dissipated parental molecular clouds, where the Sco-Cen association formed (e.g. Tachihara et al. 2001) . Their total molecular mass is about 34 000 Mo. In contrast, the Aql Rift appears to be a very dense and massive boundary to the Sco-Cen bubble toward higher I. The Aql Rift could be connected to the neighboring Aql South (Kawamura et al. 1999) . The HI associated with the Aql Rift should be the dense clumps seen toward the mdcc at I ~ 370°-398°, b ~ 0° to +20°, at similar velocities (see Figs. 3, 6 II and Tables 2  and 4 ).
Some physical characteristics of the bubble
The bubble subtends the range I ~ 250°-390°, thus its trans verse diameter should be nearly 250 pc. Its approaching hemi sphere includes the five selected branches Bi,2, B', B", C, and LCC (with clump) with their near faces at 70-100 pc. Their peak velocities were fitted by the curve V = -1 x cos(2.2(Z-310°)) kms-1, which qualitatively suggests a global expansion with a mean velocity of ~7 kms-1 centered at I = 310° (see Fig. 6, I ). These characteristics are not shared by branches Ai-A', A2-A'?, which appear to be re-or over accelerated gas (Fig. 6, IV) .
The mean extension of the HI ridge in b is not smaller than AZ? ~ 60°. For a mean distance of 125 pc, (see Fig. 9 , and Table 2, Col. 7), this means that H > 130 pc. This confirms that, because of its doughnutlike shape, the ring of the GB-gas can also pro vide the substratum in the ¿-direction for the propagating shells.
Actually, excluding the region \b\ < 10°, the bulk of HI in Fig. 2 suggests an approaching hemisphere with an extension Al x Ab ~ 102° x 65°, centered at l,b ~ 318° ± 1°, +11° ± 2°, and tilted about 14° to the Galactic plane. Assuming an elliptical shape, a rough estimation can be made of the total HI mass M of the approachinghemisphere, M ~ 7r/4xmnxMiixA/xAZ?Xi72 ~ 26 000 Mq, where d ~ 80 pc is the assumed middle distance, «h the mass of the H-atom, and the bars indicate average val ues over the ellipse. As expected, the value of M is higher than the sum of the masses derived for the five branches in Table 2 . If AV# ~ -6.6 kms-1 is the mean velocity increment of the HI ridge (see Sect. 3.2), the corresponding momentum P will be P ~ 145 000 MQ kms-1. The approaching hemisphere and the extensive remnants from the substratum form the "wall'' of IS material mentioned by several authors, when considering the Local Bubble (e.g. Frisch 1998; Breitschwerdt et al. 2000; Smith & Cox 2001) .
The receding hemisphere of the Sco-Cen bubble should in clude the gas of the broad wings at V > 0 mentioned in Sect. 5 (see , and the branches of IV Mi,2 andN (see Fig. 6 , III), which build an arc, whose highest b is reached near I ~ 310° (Fig. 4) . They should be over-accelerated material related to the UCL subgroup. The receding hemisphere is much more tenuous and irregular than the approaching one. Nevertheless, its mass might be considerable due to branches Mi,2.
The bubble should contain a hot plasma produced by the SN explosions. Most of the Hl-features pointed out in Figs. 2 and 3 can be identified in silhouette against the X-ray emission in the maps of the 1/4 keV band of the ROSAT survey (see Snowden et al.'s 1997 Fig. 2 ). In addition, some hot spots are seen toward the large HI hole seen in Fig. 3 . The IV features C, C", J, K, and L' at V < 0 (see Figs. 1, and 6, III) should be streamers of low mass over-accelerated by more recent in jections of energy and momentum into the ISM surrounding the UCL and LCC stellar subgroups. South of branch J there is a hot spot at the 1/4 keV band, which should point to an energetic event. At the 1/4 keV band, the absorbing column density N#x for which the optical depth r = 1 is ~102" atoms cm-2. Since most branches of Table 2 have Mi > N#x, the 1 /4 keV radiation in the direction of the bubble stems mainly from its interior.
In contrast, at the 3/4 keV band the radiation does not an ticorrelate with the HI features, aside from the thick HI toward the Aql Rift and the one embedding the Oph mdcc. This is con sistent with the value N#x ~ 1.9 x 1021 atoms cm-2, derived by assuming assuming a -8/3 power dependence for the cross section of absorption (Snowden et al. 1997) . The thick HI is opaque even to the radiation of the 3/2 keV band (see Fig. 3 and Snowden et al.'s 1997 Figs. 3, and 4) . Including H2 this means ;V|| > Vhx ~ 5 x 1021 atoms cm-2. Hot receding plasma should also be found outside of the Sco-Cen bubble, corresponding to escaping hot gas, originated in the SN explosions. We quote that the presence of hot gas related to the bubble is consistent with the O VI absorption wings at high positive velocity detected at the six positions sampled in this region by Sembach et al. (2003, see Fig. 3 ). These wings have no HI counterpart.
The expanding bubble should be surrounded by a shock wave, as is consistent with the stripe of velocity shifts ( we refer to Sect. 3.2). The shocked gas to the north of the stripe cooled again, as indicated by the similar velocity widths of the HI ridge at positive and negative latitudes. Thus, the shock can be con sidered as isothermal. Its mean radial velocity uT should be not lower than the mean velocity shift AVr = -6.6±2.4 km s_1 found in Sect. 3.2. Thus, ur > 8xc, where c ~ 0.8 kms"1 is the isother mal sound velocity, assuming a temperature T ~ 80 K for the cold gas. Another similar shock wave should be associated with the velocity shifts of branch C.
On the other hand, the maps of optical polarization sug gest that the largest HI branches of Table 2 are channeling the IS magnetic field (see Heiles & Jenkins 1976) . They look like "striations" (Weaver 1979 ) with longitudes up to about 150 pc, and they should have formed from elongated preexist ing structures in the expanding GB ring of gas. The ratio of the mechanical specific energy to the magnetic one is p ~ 1.06 Mh (cm-3) Vo2 (km s_1)/B2(/iG). Assuming mh ~ 1.5 cm-3, Vo ~ 10 kms-1 and values of B of a few pG, as are usually observed on a large scale in the IS medium, we obtain p » 1. Thus, on the scale of the branches, the gas dynamics drives the magnetic field. Obviously, the distribution of the magnetic field lines (see Cleary et al.'s Fig. 9 ) cannot be fitted by a dipolar distribution in the region considered here.
In the previous sections we have seen that most of the HI in the region we are considering is local, as inferred from its kine matics and its distribution, which is clearly asymmetric to the Galactic plane in Figs. 1-4 , aside from the stripe \b\ < 10°. The total HI mass Mri embedding the Sco-Cen association was derived very rotigly by integrating the lowest contour in each figure. We assumed low optical depths and subtracted a mean "absolute" background by averaging several positions surround ing the lowest contour. For the region \ b\ < 10°, the mass was linearly interpolated between both the stripes \ b\ = 10° to 30°. We assumed middle distances d' = 100 pc for Figs. 1 and 2 , and d' = 150 pc for Figs. 3 and 4 (see Table 2 , and Fig. 9) .
The results are shown in Table 5 . The meaning of the columns is the following: 1) the figure considered; 2) the corre sponding velocity range; 3) the assumed middle distance; 4) the mass computed for the ranges b = -50° to -10°, and +10° to +60°, with cosb ~ 0.83 for Figs. 1-4 ; I = 240°-390°, for Figs. 1 and 2, and I = 250°-390°, for Figs. 3 and 4 , but excluding the region of the Gum nebula at I < 270°, |Z?| < 20°; 5) the interpo lated mass for the region \ b\ < 10°, and for the excluded Gum region in Figs. 3 and 4 ; 6) the resulting total HI mass.
According to these computations, the total HI mass embed ding the Sco-Cen association is Mri ~ 249 000 Mo, with a rela tive error similar to those of the masses in Table 2 . The mass of all the features of Table 2 is AM^ ~ 94 000 M0. This should be considered a lower limit because of the obtained for branches Mi,2. Including 3400 Mo from Lj, Li, and L2, and as suming that all this HI stems from the GB, this suggests that not less than about 39% of the embedding HI was significantly disturbed ( shocked) by the evolution of the stars of the Sco-Cen association. Including the molecular mass and 30% of He, the total embedding mass is estimated at Mt ~ 368 000 Mo. Thus, the mass of the association (see Table 1 ) is at most ~4.5% of the disturbed mass (including He) and not more than 1.6% of the embedding mass. However, it is necessary to point out that all these numbers are severely affected by the uncertainties of the distances.
Scenario
We checked a scenario for the formation and evolution of the bubble surrounding the Sco-Cen association in terms of the large expanding ring of gas associated with the GB, as is consistent with our conclusions above. We used P&M's computations of ballistic orbits of test particles, which assume such an explosive origin, and ignore the braking forces of the ISM. According to P&M, this can be nearly justified for \b\> 35°. We refer to their paper for the details.
As a. first test of the scenario, Figs. 10, 13 and 14 show the radial velocities VpM(b) of P&M's test particles for | b |> 20°. To improve the statistics we doubled the number of the test particles by interpolatig their initial velocities. As can be seen, in the three figures Vpm exceeds the values of Vr at | b |= 20°. The difference decreases with increasing \ b\. For b < -35°, where the HI ridge is undisturbed, Vpm ~ Vr, aside from the region b < -45° in Fig. 13 , which corresponds to the disturbed branch E at more than 60° from the GB circle. On the other hand, for b > +35° the values of Vr are shifted by AVr -6.6 km s"1 (see Sect. 3.2, Fig. 8 ), whereas the predicted values Vpm are similar to the un shifted values of Vr at b < 0. This is consistent with our inter pretation of AVr as disturbances of the HI of the GB produced by the stellar association (Sect. 4.1).
As a second test of the scenario, we computed the mean ve locities Vpm and distances ¿pm of the test particles in 40 cells of dimensions AZ x AZ? = 10° x 10° centered at I = 255°, 270°, ...,390°, b = ±35°, ±45°, respectively. The mean number of test particles within each cell was 82 ± 43.
The results for_VpM are plotted in Fig. 6 , IV with intrinsic mean dispersions AVpm = 1.6 ± 0.2 kms-1. As can be seen, for / ~ 270° to 380° the values of Vpm are similar to those of P&G's fit within about 2 kms-1. In addition, at I > 280° most of the peak velocities Vp of the southern branches D0,i,2 fall just between the curves of Vpm for b = -45° and -35°. This is con sistent with the identification of branch D0,i,2 as the southern boundary of the bubble, which developed surrounding the ScoCen association and is seen edge-on (see Sect. 6.2). A&A512, A83 (2010) The results for dPM are plotted in Fig. 9 with intrinsic mean dispersions AdPM = 29 ± 3 pc. These are of the same order of magnitude as one half of the average thicknesses of the branches found at the end of Sect. 4.1. P&G's fit for the distances falls just between the curves of f/pvi for b = -35° and -45°, and those for b = +35° and +45°.
We conclude that, for | b |> 35°, the P&M model is con sistent with the observations in the region under study, within the intrinsic uncertainties of the assumed parameters. It is con sistent with the interpretation that the Sco-Cen association pro duced disturbances on the expanding ring of gas associated with the GB during its transit through it.
Conclusions
After pointing out the main HI features, as well as some smaller ones surrounding the Sco-Cen association in Sect. 3 (Figs. 1-5 ), we derived their kinematics (Fig. 6) . Moreover, we showed that the expanding ring of HI, which is associated with the GB, presents a narrow stripe of velocity-shifts of several kms"1 on the celestial sphere (Fig. 7) . To the south of the stripe P&G's fit is consistent with the kinematics of the GB gas, whereas to the north of the stripe Vr is systematically below P&G's fit (Fig. 8) . In Sect. 4.1 we compared our kinematical Hl-maps with the maps of the spatial distribution of the IS Na I derived by Vergely et al. and Lallement et al. We concluded that the Sco-Cen as sociation, which is located mainly to the north of the stripe, is just crossing the ring of gas (Fig. 9) . Therefore, we interpreted the striking velocity shifts of the HI ridge, as a disturbance produced by the stars on the ring of gas. Complementarily, in Sect. 4.2 we derived distance ranges and upper limits from fur ther optical data taken from the literature.
In Sect. 5 we fitted expanding spherical shells around each stellar subgroup, assuming that the original substratum was the GB gas . In terms of the expanding velocities Vo, the shell ages are r ~ 11-16 Myr for the UCL-shell and 7-14 Myr for the LCC-shell. These ages are comparable to the ages of the subgroups, suggesting that the time needed by the association to stay within the medium should not have been smaller than r. Most of the HI features listed in Table 2 can be understood in terms of the fitted shells.
In Sect. 6.1, after evaluating what is known about the dis tances and radial thicknesses of the HI features, the most re liable values for d and At/ were adopted and the uncertainties estimated. As a consequence, we could derive some of the ob servational characteristics of the HI branches (Table 2) .
In Sects. 6.2-3 we showed that the models suggest important interaction processes between the shells. These processes pro duced a combined large UCL-LCC-bubble, triggering the for mation of the US-subgroup, as well as the observed low-mass star formation activity in the vicinity of the LCC-subgroup. The intense rim of the US shell at positive velocities should be the cause of the striking third peak observed in the I -V relation for Lindblad's ring (e.g. Olano 1982; Sodroski et al. 1985 , as well as Fig. 8 ). This peak is not predicted by the models of the ring. The mass of the approaching dense hemisphere of the bubble was estimated at ~26 000 Mo, its distance at ~80 pc, and its veloc ity at nearly -6.6 kms-1. In contrast, the receding hemisphere is rather tenuous, apart from branches Mi,2. Some local gas, at a peculiar V > 0 within the GQII, could be interpreted as overshot gas from the shells. The bubble, which should be surrounded by an isothermal shock-wave, contains hot gas, as is consistent with the ROSAT-data at the 1/4 keV band.
Finally, in Sect. 6.4 we saw that for | b |> 35° the computa tional results derived from P&M's model are consistent with the observational results found in Sects. 3 and 4, as well as with the assumption that the Sco-Cen association produced disturbances on the expanding ring of gas associated with the GB within the uncertainties intrinsic to the model.
What can be concluded about the origin of the Sco-Cen as sociation? Since the ages of the fitted shells are consistent with the ages of both the older stellar subgroups, we expect that the stars of the association should have conserved the original ve locities of the molecular cloud, where they formed. Actually, the tangential velocities of the models of the ring by Olano (1982) and by P&G have the opposite sense as those of the associa tion (see Fernández 2005) , and the Galactic rotation. However, from Lindblad's (2000) linear model of the GB as an inclined expanding and rotating disk, we should expect also a rotation of the associated ring of gas with its tangential velocities having the same sense as the Galactic rotation. This was confirmed by Bobylev (2006) for the GB. Therefore, the formation of the as sociation should have been triggered during the accretion of the parental molecular cloud on the GB ring, and the place of forma tion should have been in the GQ I (e.g. Maíz-Apellániz (2001); Fernández 2005; .
Our results are consistent with Weaver's original basic sce nario, as well as with de Geus' (1992) study. According to Mamajek et al. (2002) the gas associated with the Sco-Cen asso ciation should be part of a "spur" of HI and molecular clouds that runs from near LCC through Lupus and Ophiuchus and into the Aquila and Vulpecula Rifts. These should constitute the nearest reservoirs of IS gas for prosecuting the star formation process. A&A512, A83 (2010) -14.7, -14.3, -6.6,-5.1,-2.4,-1.0, 0.5 15 0.0,+1.3,+2.9, +5.0 0.5 15 -14.0, -12.0, -5.0, -2. -0.5 5 -9.8, -8.8, -8.0, -6.8, -4.3, -1.3, 0.5 15 +0.4,+2.0 -8.0,-3.7, +0.7, +4.9, +8.6, +18.6 3.5 11 -7.2, -3.8, -3.7, +0.5, +0.9, +4.9, 0.3 12 +6.7,+8.5,+8.8 
